INTRODUCTION
============

Special attention has been paid to the link between atherosclerosis and osteoporosis since 1991 and it is assumed to be regulated by biological mechanisms. Both diseases are considered to be associated with aging. Although at the first glance osteoporosis and atherosclerosis seem to be independent, atherosclerotic plaques and bone tissue have similarities and the process of vascular calcification is mediated by cells and mediators involved in bone formation.\[[@B1]\] In this regard several common inflammatory and proinflammatory mediators including, bone markers and cytokines including interleukin (IL)-1, IL-6, IL-11, IL-12, IL-15, IL-17, tumor necrosis factor-alpha (TNF-α), osteoprotegerin, bone morphogenetic proteins (BMPs), C-reactive protein (CRP) have been suggested but still the main common causative agent or pathway is not fully understood.\[[@B1]\] Histological findings demonstrated resorptive and remodeling sites in atherosclerotic plaques similar to bone. Actually these plaques have abundant numbers of different types of inflammatory cells inducing several types of mediators. Vascular endothelium and vascular smooth muscle cells produce osteoprotegerin and receptor activator of nuclear factor-kappa B ligand (RANKL) that is expressed in atherosclerotic lesions.\[[@B2]\] Osteoprotegerin acts as a member of TNF-α superfamily and inhibits osteoclast differentiation and bone resorption by binding to RANKL. RANKL is involved in vascular calcification by inducing osteoclast formation in vascular smooth muscle cells and counteracts with osteoprotegerin.\[[@B3]\] The counteraction of osteoprotegerin with RANKL regulates bone resorption. In addition osteoprotegerin controls bone pathological conditions including bone metabolism and inflammation. Human studies indicated the possible direct association between osteoprotegerin and severity of coronary artery disease (CAD).\[[@B1]\] In line with the evidence of involvement of osteoprotegerin, there are recent evidences which highlight the role of osteocalcin in osteoporosis and cardiovascular disease (CVD). Osteocalcin is a bone matrix protein mainly produced by osteoblasts which is involved in bone mineralization and formation.\[[@B4]\] Osteoblasts like cells in the vasculature are responsible for secreting osteocalcin and calcifying vascular cells.\[[@B5]\]

There are recent evidences of the involvement of osteocalcin in CAD.

One of the surrogate markers of atherosclerosis is coronary artery calcium (CAC) score (CACS) which can predict cardiovascular risk.\[[@B6]\] Data regarding the correlation between CACS and bone metabolism are still paradox. Accordingly and in order to find out the relationship between CACS as a surrogate marker of atherosclerosis and bone biomarkers as well as bone density and other bone specific information, we conducted a pilot study to provide presumptive data for more comprehensive assessment. Our study is the first one which evaluated this association in postmenopausal women who had CACS higher than 80 which indicates the average risk of atherosclerosis and higher.

METHODS
=======

Eleven postmenopausal women who underwent computed tomography scanning with (Dual Source Flash-128 slice) and had CACS higher than 80 were enrolled in the study. Based on the categories of CACS which was defined in previous studies,\[[@B7]\] we selected CACS ≥80 which is considered as average risk of coronary artery events and higher.

The eligible patients were referred to the Diabetic Research Center for measuring bone density. Each subject underwent bone densitometry by dual energy X-ray absorptiometry (DXA; Hologic Inc., Bedford, MA, USA) at femur neck and lumbar vertebrae respectively. Blood and urine samples were obtained from study participants. All patients profile was evaluated and recorded including age, menopause state, smoking, alcohol consumption, history of fracture, parents fracture, and past medical history. Patients with history of cancer, diabetes, acute infection, endocrinologic disorders, use of special medications such as hormones, corticosteroids, gonadotropin releasing hormone (GnRH) analogs, anticonvulsant drugs, heparin, aluminium containing antacids, thyroid hormones were excluded. The study was conducted in Endocrinology and Metabolism Research Institute of Tehran University of Medical Sciences after authorization by ethics committee of the institute. All patients signed the written informed consent after receiving thorough information about the study.

1. Laboratory measurement
-------------------------

Blood and urine samples were collected. Blood samples were centrifuged at 10,000 g for 10 min and kept in a fridge at −70℃ until analysis. Serum concentration of osteoprotegerin, RANKL, osteocalcin, and high-sensitivity CRP (hs-CRP) along with urine concentration of beta (c) cross labs were measured. Serum level of osteocalcin and osteoprotegerin were measured by N-MID®Osteocalcin enzyme-linked immunosorbent assay (ELISA; Immuno Diagnostic Systems, Tyne & Wear, UK) and osteoprotegerin Human ELISA Kit (ab100617) respectively. Urine level of β-cross laps was measured by Urine β-CrossLaps®ELISA (Immuno Diagnostic Systems). Serum concentration of hs-CRP and RANKL were assessed by CRP Human ELISA Kit (ab99995) and Human RANKL ELISA Kit from DLdevelop respectively.

2. CACS
-------

The CACS was calculated using the method of Agatston et al.\[[@B8]\] by an experienced radiologist.

3. Fracture-risk assessment tool (FRAX) score
---------------------------------------------

The FRAX score which was developed by World Health Organization (WHO) provides risk estimation for probability of fracture in the next 10 years. The score is calculating based on clinical risk factors and bone mineral density (BMD) at the femoral neck. This model of risk assessment has been developed by population studies for European, North American, Asian countries and Australia.\[[@B9]\] Because there is no FRAX tool for Iranians, we used computer driven FRAX tool for Lebanese who seems to be more similar with Iranians.

4. Statistical analysis
-----------------------

One-sample Kolmogorov-Smirnov test was used to assess normal distribution of the data. All data were normally distributed and no transformation was made (*P*\>0.05). To recognize the association between CACS and BMD, bone biomarkers and FRAX score, multiple linear regression model was used. Several covariates for adjustment were chosen including age, weight, body mass index (BMI), and years since menopause.

All statistical analyses were performed with SPSS 18.0 (SPSS Inc., Chicago, IL, USA). The data were expressed as mean means±standard deviations (SD). All P-values of less than 0.05 were considered to indicate statistical significance.

RESULTS
=======

Eleven postmenopausal women who had CACS higher than 80 were enrolled in the study. The demographic data and past medical history of all study participants are summarized in [Table 1](#T1){ref-type="table"}.

The mean CACS was 563.82 (484.39). The mean serum concentration of osteocalcin was 17.15±8.22. The association between ca score and serum osteocalcin concentration was significant (std β=0.66, 95% confidence interval \[CI\]=5.47-72.27, *P*=0.02). After adjustment for age, weight, BMI, and years since menopause the association remained significant (std β=0.89, 95% CI=29.92-82.24, *P*=0.01).

The mean femoral BMD of all participants was 0.69±0.085. Our analysis showed significant association between ca score and femoral BMD (std β=−0.6, 95% CI=−6,864.34-14.27, *P*=0.05) which remained significant after adjustment for age, weight, BMI, and years since menopause (std β=−1.3, 95% CI=−12,825.84-2,249.83, *P*=0.01).

Participants\' femoral T-score was -1.45±0.75. Significant association between CACS and femoral T-score was found (std β=−0.6, 95% CI=−773.08-1.28, *P*=0.05) which remained significant after adjustment for age, weight, BMI, and years since menopause (std β=−1.11, 95% CI=−1,379.91-49.78, *P*=0.04).

The mean serum concentration of osteoprotegerin in all participants was 4.74±0.67. No significant association was found between osteoprotegerin and calcium score (std β=−0.05, 95% CI=−583.03-503.42, *P*=0.87).

The mean urine concentration of β cross laps was 0.51±0.36. No significant association was detected between β cross laps and CACS (std β=0.29, 95% CI=−556.12-1,348.97, *P*=0.37). After adjustment for age, weight, BMI, and years since menopause the association found to be significant (std β=0.92, 95% CI=20.42-2,439.42, *P*=0.04).

The mean patients\' FRAX score (the ten year probability of fracture %) for major osteoporotic fracture was 7.79 (3.21) and for hip fracture was 2.54±3.24. No association between patients FRAX score and CACS was observed.

No more correlation was found between study variables. Serum concentration of RANKL and hs-CRP was undetectable except for one participant. Therefore we omitted those data from analysis.

DISCUSSION
==========

This study conducted on postmenopausal women who had CACS higher than 80 and were considered to be at high risk of atherosclerosis. Our results showed that CACS is independently associated with osteocalcin. Osteoclacin is a bone formation marker which originates from skeleton and indicates the osteoblasts potential for making bone matrix. It is a marker of bone mineralization and calcium homeostasis\[[@B1]\] and recently was recognized as a strong predictor of severity of coronary atherosclerosis.\[[@B10]\]

In agreement with our study Kim et al.\[[@B11]\] observed significant positive correlation between aortic CACS and osteocalcin, vertebral fractures and total hip-trabecular BMD (tBMD). A recent cohort study in Chinese men indicated serum osteocalcin as a strong determinant of severity of CAD.\[[@B10]\] In contrast Awan et al.\[[@B12]\] reported a negative association between vascular calcification and serum osteocalcin in familiar hypercholesterolemia and also Wilund et al.\[[@B13]\] found an inverse significant correlation between logarithmic value of CACS and plasma osteocalcin.

Chen et al.\[[@B14]\] observed significant lower levels of serum osteocalcin in patients with self-reported CVD in comparison with middle-aged and elderly Chinese without CVD. In addition Sheng et al.\[[@B15]\] observed that reduced osteocalcin is associated with increased risk of carotid atherosclerosis plaques in type 2 diabetes patients. They indicated decreased serum concentration of osteocalcin as a high risk for carotid atherosclerotic plaques and presented osteocalcin as a promising candidate for risk assessment of CVD. We included patients with CACS more than 80 which may explain the reason of the difference between our results with those who reported a converse relationship between CACS and osteocalcin. It was suggested that osteocalcin may have preventive effect on arteriosclerosis\[[@B16]\] while our patients CACS was high enough to show atherosclerosis. So there is the possibility that the severity of atherosclerosis (based on CACS) determines serum osteocalcin level.

Although the mean serum concentration of osteoprotegerin in our study was higher than normal, no association was found between CACS and osteoprotegerin serum concentration even after adjustment for age, weight, BMI and years since menopause. It was observed that the elevated level of osteoprotegerin is associated with severity of CAD.\[[@B1]\] It has been reported that osteoprotegerin is higher in patients with 2 to 3 vessels atherosclerosis while its level in patients with 1 vessel atherosclerosis is similar to those without CAD.\[[@B17]\] The positive correlation of the level of osteoprotegerin and CAC was demonstrated in diabetic patients whose mean serum osteoprotegerin concentration was higher than our patients.\[[@B18]\] Asanuma et al.\[[@B19]\] observed an association between osteoprotegerin and CACS in patients with rheumatoid arthritis. Also there are reports on the effect of angiotensin receptor blockers on reducing osteoprotegerin secretion from carotid endarterectomy samples taken from stroke patients\[[@B20]\] which may more explain our results. Furthermore changes in the local vascular expression of osteoprotegerin may not be directly proportional to its circulating level.\[[@B21]\]

Bakhireva et al.\[[@B22]\] reported higher osteoprotegerin levels in women with CAC compared with no/minimal calcification which was disappeared after age adjustment. They found significant lower odds of having CAC with 1 SD increase in hip BMD. Other clinical studies also demonstrated the direct association between osteoprotegerin level and severity of CAD, vascular dysfunction and cardiovascular mortality.\[[@B23]\] According to the counteraction between osteoprotegerin and RANKL, we measured serum RANKL in our patients but unfortunately we could not detect its level. Therefore the interaction between osteoprotegerin and RANKL in association with CACS should be evaluated in future larger studies.

Our results showed an inverse association between CACS and BMD and T-score at femur (but not spine) which remained significant after adjustment for age, weight, BMI and years since menopause. This is in line with other previous studies which confirm this result with bone density at spine,\[[@B24][@B25][@B26][@B27]\] however to date no study evaluated T-score. Choi et al.\[[@B28]\] observed an inverse correlation between CACS and BMD at femur which was stronger in women with a longer time since menopause and women with osteoporosis and osteopenia than normal BMD. Some researchers have indicated the site specific bone densitometry. In contrast to our study the association of lower spine volumetric BMD (vBMD) with high aortic calcification but not to CAC was reported in a cross sectional study,\[[@B29]\] however the CACS of our study participants was higher than those. In middle-aged postmenopausal women with extensive coronary plaque burden Lin et al.\[[@B30]\] did not find an association between coronary calcification and low BMD. In addition the association between vertebral bone density and CACS was determined by Filgueira et al.\[[@B31]\] in non-dialyzed chronic kidney disease (CKD) patients. Accordingly Carr et al.\[[@B32]\] demonstrated an association between vertebral trabecular bone density and vascular calcification. They explained their finding by introducing vertebral trabecular bone as the active metabolic bone which its density provides a measurement of volumetric BMD. In agreement with our study bone densitometry at spinal sites failed to show association with vascular calcification.\[[@B33]\]

Bakhireva et al.\[[@B34]\] reported no age-independent association between BMD at any site and CACS in men and women not using hormone therapy (HT) while the association was significant in HT users and they suggested that estrogen may mediated the association. Ramsey-Goldman and Manzi \[[@B35]\] observed an inverse significant correlation between CACS and lumbar spine BMD and hip BMD in a pilot study in young women with Lupus.

Based on the importance of the serum concentration of hs-CRP in atherosclerosis and CVDs and former reports indicating higher hs-CRP levels in osteopenic and osteoporotic patients\[[@B36]\] we proposed to measure its level in our patients and its association with other markers and scores, but we could not detect it in our patients.

We evaluated the association between CACS and FRAX which was not significant. To date this study was the first one provided FRAX and assessed its association with CACS which have to be precisely re-assessed in larger study.

Our results showed that after adjustment for age, weight, years since menopause and BMI the urine concentration of β cross laps have significant positive association with CACS. It may assumed that in patients with high CACS and high risk of CAD the rate of bone metabolism is high, so we observed the positive association between CACS and bone formation marker (osteocalcin) and bone resorption marker (β cross laps).

The study is a pilot observational study with limitations that has to be taken into account. The small sample size, not assessing patients with low CACS (lower than 80), and enrolling only patients with high CACS are limitations of this study. However, future larger studies with new methods of BMD and calcium scoring are necessitated. The study participants were chosen from patients referring for computed tomography-angiography therefore they are not representative of general population. The sample size is small enough to extrapolate the data to general population, but provides evidence for further extensive studies in larger sample size.

Taken together the association between CACS and osteocalcin, femoral BMD and T-score were strong enough to be observed, however, the potential associations between RANKL/osteoprotegerin system and CAC needs to be clarified in larger studies because finding the way of antagonizing this pathway may benefit both cardiovascular system and bone. The underlying mechanisms of the above mentioned associations are still under question. Although we considered the most potential contributors, still the possible effect of the other underlying diseases and medications is not completely understood. Therefore further population based studies are highly recommended.
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###### Patients\' characteristics
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The data is presented as mean±standard deviation or number (%).

ARBs, angiotensin receptor blockers; SSRIs, selective serotonin reuptake inhibitors; Ca, calcium; CACS, coronary artery calcium score; Vit D, vitamin D; BMI, body mass index; BMD, bone mineral density; FRAX, fracture-risk assessment tool.
